In order to study the influence of inlet gas humidification on the performance of proton exchange membrane fuel cell (PEMFC), a new inlet gas humidification efficiency (IGHE) model is proposed. Two parts including the water content of inlet gas humidification and the water content produced by electrochemical reaction consist of the total water content of PEM. The inlet gas humidification efficiency is derived. Firstly, the flow chart of calculation was given. Secondly, the experimental system was established and experiments had been done at the operating temperature of 70 ℃ and at 40% RH, 55% RH, 70% RH and 85% RH, respectively. Finally, the polarization curves of the IGHE model and experimental were compared and analyzed at 85% RH. The results show that the difference of experimental and IGHE model is minimum (0.03V) at 85% RH when the current density of PEMFC is 250 mA/cm 2 .
Introduction
With the development of economy, the consumption of fossil fuel and environmental pollution are becoming more and more serious [1] . To improve the environment of earth, some new energy sources such as solar energy, hydrogen energy and wind energy have been concerned [2] . Proton exchange membrane fuel cell (PEMFC), which uses hydrogen as fuel, is considered as the most potential energy device because of relative low operating temperature, high power density, zero emission and low noises [3] [4] [5] . But this technology has some problems such as durability and high cost [6, 7] . The water content of PEM is one of the important parts for the performance of PEMFC. The water content of PEM is consisted of two parts including the water content of inlet gas humidification and the water content produced by electrochemical reaction. Thus, the research for the inlet gas humidification is important to evaluate and improve the performance of PEMFC.
Some scholars made a contribution to the researches for inlet gas humidification. Some of them conducted the researches through establishing numerical model, others conducted experiments. For example, Iranzo et al. [8] provided a new method coupled with experimental measurements to analyze and understand the phenomena about mass transport limitations in PEM fuel cells. Salva et al. [9] modeled the electrochemistry and physical phenomena happened inside the PEMFC through presented a model about a stack and conducted the experimental validation. The results revealed good under the different stack configurations. Xing et al. [10] considered the main transport and electrochemical processes through developing a 2D model. The results showed that the current densities at low voltages were maximum when the channel length was 1cm. Krastev et al. [11] established a single model of HT-PEMFC to describe the fluid dynamic fields. Zhang et al. [12] studied uniformity, stability and overall functions of performance distribution under varied working parameters and concluded three working parameters had heavy effects on the performance of PEMFC. Iranzo et al. [13] processed and analyzed the neutron radiographs obtained by neutron imaging to estimate the influence about the working conditions on the performance. The results showed that relative humidity of cathode had heavy effects on the water content of fuel cell.
Deevanhxay et al. [14] understood the influence of liquid water accumulation through applying soft X-ray radiography.
In this paper, firstly, the flow chart of calculation is given. Secondly, the flow chart of the experimental system is provided and the experimental system of PEMFC is established. And then the experiments have been done at 40% RH, 55% RH, 70% RH and 85% RH, respectively (70 ℃ operating temperature). Finally, the polarization curves of the IGHE model and experimental are compared and analyzed at above experimental conditions.
IGHE Model
The water content of electro-migration in the PEM is:
(1) The water content of the humidified gas is:
The total water content of PEM is:
(3) The inlet gas humidification efficiency is:
From Eq. (1), we know:
.
From Eq. (4), we know:
From Eq. (5) and Eq. (6), we get:
Calculation
Figure. 
Experimental
The flow chart of the experimental system is shown in Figure. 2. Pure hydrogen and air are applied to the PEMFC in the experiments. The inlet pressures of them are controlled by the pressure regulating valves. They passed through the filter to filter out impurities and then passed through the measure devices comprised of flow-meter, pressure gauge and thermometer to collect data. Then they passed through the heating system and the humidifiers according to experimental requirements. The treated gases (hydrogen and air) enter the PEMFC according to respective route (hydrogen from the anode channels and air from the cathode channels). The electronic load is used for loading the PEMFC. Finally, the experimental data is collected by data processing system. 
Results and Discussion
Figure. 3(a) shows the experimental polarization curves at 40% RH, 55% RH, 70% RH and 85% RH, respectively. When the current density of PEMFC is 0-30 mA/cm 2 , four groups of polarization curves are closed. When the current density of PEMFC is 30-100 mA/cm 2 , the polarization curve of 55% RH is better than other three groups. When the current density of PEMFC is 100-310 mA/cm 2 , the polarization curve of 85% RH is better than other three groups. And at whole area of decrease of fuel cell voltage (0-310 mA/cm 2 ), the decrease of fuel cell voltage is minimum (0.29V) at 85% RH. It means that the decrease of fuel cell voltage at 85% RH is slower than other three groups. This is advantage to the performance of PEMFC. However, the decrease of polarization curve of 40% RH is steady when the current density of PEMFC is 0-310 mA/cm 2 . It means the operation of PEMFC at 40% RH is the best at above four conditions. This is advantage to extending the lifetime of PEMFC.
Conclusions
In this study, the IGHE model for the PEMFC is established to compare the performance of PEMFC. The results of the IGHE model and experimental are compared and analyzed at 85% RH. The conclusions can be drawn as follows:
(1) At whole area of decrease of fuel cell voltage (0-310 mA/cm 2 ), the decrease of fuel cell voltage is minimum (0.29V) at 85% RH. When the current density of PEMFC is 0-310 mA/cm 2 , the decrease of polarization curve of 40% RH is steady.
(2) When the current density of PEMFC is 250 mA/cm 2 , the difference of experimental and IGHE model is minimum (0.03V) at 85% RH.
